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ical database for PFOS is extensive:

, systemic, developmental/reproductive, 2-
ation, immuotoxicity, DNT, genotoxicity, 2-year

icity data available in rodents and nonhuman

parative pharmacokinetics are reasonably well-
lished (mice, rats, monkeys, humans)

biomonitoring data are available.
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Current PFOS Reference Doses

Agency

Document

Reference Study Monkey 6-month (Seacat et al., 2002)

Effects TTSH, ITT3, HDL Several

Basis BMCL,, (serum)

External Dose (mg/kg/d)

Internal Dose (ug/mL serum) 35

Reference Dose (mg/kg/d) 0.000077 (inferred) 0.00008 0.0003
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Seacat et al. 2002 - Lipid Data (Males)

Dose {mg/kg/d)
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Seacat et al. 2002 - Lipid Data (

Dose {mg/kg/d)

% 149 145 129 142 138 146
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Seacat et al. 2002 thyroid hormone data (Males)
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Seacat et al. 2002 thyroid hormone data
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Thyroid Hormones and H-P-T Axis
At-A-Glance

Clinical
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change (from baseline) in selected
chemistries in cynomolgus monk




Dose route

Exposure Length

Recovery

Blood sampling
for serum PFOS
determination

Blood sampling
for clinical
chemistry

Daily oral capsule

Daily for 182 days

One year post dose

Days -27, 7, 14, 28, 42, 56, 84,
112, 140, 168, 182, 187, 196,
203, 210, 217, 245, 273, 301,
329, 357,371, 399, 427, 455,
483, 511, 539, and 553

Davs 27,5/, .62 91 155 182
217, 245, 274, 322, 364, 456,
and 546

Bolus oral dose (periodic)

DG 1: Control (sham-dosed)
DG 2: D43, 288, 358
DG 3: D106

Up to 1 year

Days -7, 1, 8, 22,43, 50, 64, 85,
106,113,127, 148, 169, 176,
180 211 232 953 )74 J88
2895 309 330 358 365 370
and 400

Days-7,1, 8, 22,43, 50, 64, 85,
106, 113, 127, 148, 169, 176,
190 211 232, 253, 274 288,
295, 309, 330, 358, 365, 379,
and 400
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Key Clinical Chemistry Parameters

Thyroid Hormone Panel (T8 T4, dFT4iSH

Renal Function Panel UREAN, CREAT, GLU, ALB, GLOB

Data Interpretations
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Seacat et al. Study

(Daily oral capsule)

@ Male 0.75 mg/kg/d O Female 0.75 mg/kg/d
A Male 0.15 mg/kg/d A Female 0.15 mg/kg/d
B Male 0.03 mg/kg/d 0 Female 0.03 mg/kg/d

Average Serum PFOS (ppm}

Serum [PFOS]. ug/mL

250

200

150

100

50

Current Study

(Periodic bolus oral dose)

-#-Male DG 1 {control]  -«-Female DG 1 {control}
~s—Male DG 2 (PFOS, 3X} -e-Female DG {PFOS, 3X)
-s-Male DG 3 (PFOS, 1X) -+ Female DG {PFOS, 1X)

o 50 100 150 200 250 300 350 400
Study Days
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ortality

oughout the study

monkeys gained weight during the study

onkeys were released back to the colo
after the end of in-life




~a-Male DG 1 {control} ~o-Miale DG 2 (PFOS, 3X) -~ Wale DG 3 (PFOS, 1)
~-Female DG 2 {(PFOS, 3X)

o 50 100 150 200 250 300 350 400
Study Days

o
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Serum PFOS (ug

- &-Serum [PFOS], ug/mlL, male DG 1 {control)
-&-Serum [PFOS], ug/mL, male DG 2 (PFOS-treated)
- Serum ALT, U/L, male DG 1 {control)

e~ Serum ALT, U/L, male DG 2 {PFOS-treated)
Laboratory ALT Normal Reference Range

L ke Sl e i s Bleh
2830 250 304 250 400
Study Days
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Enzyme A

iver
fernale monkeys
Serum [PFOS], ug/ml, female DG 1 {control}
-~ Serum [PFOS], female DG 2 {PEOS-treated)

o Serum ALT, U/L, fernale DG 1 {control)

Mean serum PFOS and |

~gSerum ALT, U/L, female DG 2 {PFQOS-treated) 4
Laboratory ALT Normal Reference Range

Study Days
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Serwn IPFISL, ugfol

Mean serum PFOS and TSH,

male monkeys

~g-Serum [PFOSY, ug/ml, male DG 1 {control}

~@-Sgrum [PFOS], ug/ml, male DE 2 (FFOS-treated)

- Saruen wilifrol, male DG 1 {comrol)

g Serum TSH, ultfml, male DG 2 {PFOS-treated]
Laboratory TSH Normal Reference Range
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Mean serum PFOS and TT3, Mean serum PFOS and TTS,
female monkeys

male monkeys
~ g~ Sevum [PFOS], ugf/ml, male DG 1 {control} ~ - Spram [PFOSY, ugfmi, female DG 1 {controf}
-@--Serum [PFOS], ugfml, male DE 2 (PFOS-treated] J £ ~ g Serum [PFOS], ug/mi, famale DG 2 {PFOS-treated)
~g@~Serum TT3, nmel/L, male DG 1 {contrel) - Serim TT3, nmolfl, female DG 1 {control}
~g-Sevum TT3, nmolfl, male DG 2 {PFOS-treated) ~o—Serum TT3, nmolfL, fumale DG 2 (PFOS-treated)
Laboratory TT3 Mormal Reference Range Laboratnry TT3 Normal Reference Range
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Thyroid Hormones and H-P-T Axis
At-A-Glance

Clinical
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2002 Study
able TSH values reported by original study labc
and FT4 measurements from Mayo Clinic Refere
not show any compensatory changes in thyroid hort
changes in thyroid histology
wroid function was not comprised

dy
rous measurements of thyroid hormones for 27
hout 1+ years on the same individual animals
dministration of PFOS did not have any effec

rable body burden to Seacat et al. stud

effect on thyroid with



Mean serum PFOS and CHOL, female monkeys
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Mean serum PFOS and HDL, female monkeys

Serum [PFOS], ug/mi, female DG 1 {tontrel}
-~ Serum [PFOS], ug/mi, female DG 2 (PFOS-treated)

~aSerum HOL, mp/dl, female DG 1 {control}

& Serum HOL, mg/di, female DG 2 (PFOS-treated)

Published HDL Normal Reference Range

{

Shasdy Days

male monkeys

Mean serum PFOS and HDL,

~g-Serum [PFOS], ug/ml, male DG 1 {control)

~-Saram [PEOS], ug/ml, male DG 2 {PFOS-treated}

i Geram HDL, mgfdl, male DG 1 {rontrol)

g~ Serum HDL, mg/dL,

treated}

male DG 2 (PFOS

3

Published HDL Normal Reference Range
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. )

n of total cholesterol (HDL) at high dose, r

study
rous measurements of cholesterol and HDL for 27 t

ughout 1+ years on the same individual animals
administration of PFOS had a minor effect on total

esterol (HDL)
demia, observed in rodents and non-human prim

ode-of-action using ApoE3.Leiden.CETP mice

d lipolysis and clearance of VLDL-TG, red
apoA1) and maturation (LCAT)



nkeys appeared normal and healthy throughou%

ects on body weight and body-weight gains

ffects on coagulation, liver, renal, or electrolyte che

ltered thyroid functions

le decreases in HDL cholesterol
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deling of HDL (Bruce Allen)

nuscript preparation and submission
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PFAS Biomonitoring and Epidemiology Research Update

Geary Olsen DVM, PhD

Medical Dept.
3M Company
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50

45 -

40 -

35 -

30 -

25 -

20 -

15 -

Geometric Mean Biomonitoring Trends in NHANES
and the American Red Cross Studies, 1999 — 2010

13.2

NHANES Am Red NHANES NHANES Am Red NHANES NHANES

PFHxS
FOS

FOA

Am Red
1999-2000 Cross 2000- 2003-2004 2005-2006 Cross 2006 2007-2008 2009-2010 Cross 2010
2001
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Serum Concentration (ng/mL)

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

Trends in NHANES by Sex:
Geometric Mean Serum PFOS Concentrations (ng/mL)

—e—All

sopes Males wmgm

= Females

"~ & 33.4 Males
i e 304 Al
E ‘280 Females
NHANES did no
1999-2000 measure PEOS  2003-2004  2005-2006 2007-2008 2009-2010 2011-2012
in 2001-2002 Year
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Trends in NHANES by Sex:
95th Percentile of Serum PFOS Concentrations (ng/mL)
100.0

e ]} cedes Balps == Fomales
OO0 A
78,3 Males

80.0 + Y
- & 75.7 Al

70.0 + 75.1 Females
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500 +
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Serum Concentration {ng/mi)

20.0 +

100 +

0.0 -

1999.2000  NHANESIdnot - smms sema 30052006 2007-2008  2009-2010  2011-2012

measure PFOS
in 2001-2002 Year
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Trends in NHANES by Sex:
Geometric Mean Serum PFOA Concentrations (ng/mL)
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Trends in NHANES by Sex:
95th Percentile Serum PFOA Concentrations (ng/mlL}
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Is Clearance a Common Explanation Across Many of these Epidemiological Associations?

ED_002330_00119248-00043



A S ot
HTML e

Commentary

The Navigution Guide Systematic Review Methodology: A Rigorous
and Transparent Method for Translating Environmaental Health Sdence
inte Better Health Qutcomes

Fravey .l Woodre# sodf Pofries Bulion

E piirsrst

st ke

o Reprsd:

daeateiseg whiet f dowswn dhasgc the emniomimeni i
Relwthends of mesmch pthesh v
ot dgp Sedimd apstmpaatic sodo o ok i dhe o

i toking preven

L;zdm ® yyrbespatic smsf

i wsr bues prsssie: seari syndeatds i
g pain of dapertsae: fram owrrent montheds
hoalth Suchade s prepesiad prosssd,

] g sk

¥ Y
nior from safirey o fmrn. ¥ey
“ised foy RO v

i

imu ket }m

renms Broimon Heddh Bavpent

S’y tematm ﬁem@w mf ﬁuman Ewéeﬁw fm" FFD}& %‘Fftm& on Fetai Gmw{h

Fauts § Jofmzan,t Patrice Sutton,” Oplan § Atobipy.’ Bics Koustas® Julsen Lam” Sxunak Sent
Kaver &, Sobfosea? 8 Daaivt 4. Avelvad” amd Tracey L Wondndg?

i P

3 srmge of e T

: 5 a-]xvf.iv the e By aprustieny, 3
o, e ik

{ r-iy vane ms»} s bt gu-"zu

2 greccioed

sebosd Brden: eedf caon:

af Bssem

e K Sdessidind 3% b
§ e

i s R pama ?Ff‘»a s

1

o e

" Bgapian iy

i 2
w0 s dhenedupsnosed sapusisey

T

5455 Doy e bzl nd :L,x ﬁnt
Sk o these B
ek,

B, (-.\cnmxm. RA, .Kwir.\.f 38,
e S d hesdii

D AR \vv:m

Sprdod.co

Review

The NMavigation Guide—
Systematin Review of Nonbusman Bvidence for PFOA Effects on Fetal Grovwth

Eries Kouvstea | Sieen Lom! Patrice E'ﬁmnf Bauls b Jobosens ges B Alchiey” Ssunsk Sen?
Haras A Hobinson 5% Dandsl &, Avstrod  snd T mcey.}' Wosdnat?

Evidence-Based Medicine Masts Environmental Health:

g «m} qr{guf’ﬁ Polioy &
%, Ofbe o B

3 vz
S3 AURIDR.

$um wady ssthars,
Frava v Trannyw e
g shavy suws, v entiveatsd S ﬁ‘p\‘s‘xﬁ\ A ;zmg*w.y moden W &
s mrmdzves with o shengs b

e Hased i dhis ok 2 3 éx»» #;
wbieciast xwémw s}m iex.,l Sorelapmard mperate to FHL

s S Bl

WY & 3

Fatom e BETLA

sadae s

Review

The Mavigation Guide — Bvidence-Based Medicine Meats Environmental Healthe
Integration of Anirmal and Huoman BEvidence for PFOA Effects on Fetal Growth

Jubgan Larn, T Erigs Koastas,” Patrics Suvton® Paufa b Job I fiyine 8. &

i Son?

Karzn 8. Bobdsson 5% Danis! 4. dvaired” aot Tracey . Woodraft?

P ATRZE TR RS

LECHe0s 2 TR
Taine B averall stvengrh 2

e

erad pinwiede dot Isescle

o PREA adh iy affects foamar besdthy
frercke &om e anich ceondiatiean iatainaiadene
te wed
s oonednuinate in eanwinece.

i w0t e
w\rjkn The seandes oF
qu, sy chw B

. Habimuon HA, Ao
J 23 4
swad gy

s Eoutibc

o FESS, o
3042 b £

Tistugratin
Pemgeoce §

ED_002330_00119248-00044




Navigation Guide Methodology

Step 1. Specify the study question

Step 2. Select the evidence
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Koustas et al. 2014

Background: In contrast to current methods of expert-based narrative review, the Navigation Guide is a systematic and
transparent method for synthesizing enwvironmental health research from multipie evidence streams. The Mavigation Guide

was developed to effectively and efficiently translate the available scientific evidence into timely prevention-oriented action.

Objectives: We applied the Navigation Guide systematic review method to answer the question “Does fetal developmental
exposure to perfluoreoctancic acld (PFOA) or its salts affect fetal growth In animals 7" and o rate the strength of the

experimental animal evidence.

Methods: We conducted a comprehensive search of the literature, appled prespecified criterda to the search results to
identify relevant studies, extracted data from studies, obtained additional information from study authors, conducted meta-

analyses, and rated the overall guality and strength of the evidence,

Results: Twenty-one studies met the inclusion oriteria. From the meta-analysis of eight mouse gavage data sets, we
estimated that exposure of pregnant mice to increasing concentrations of PFOA was associated with a chanze in mean pup
birth weight of —0.023 g {25% Cl 0,029, —0.016) per 1-unit increase in dose {milligrams per kilogram body weight per day).
The evidence, consisting of 15 mammalian and & nonmammalian studies, was rated as "moderate” and “low™ quality,

respectively.

Conclusien: Based on this first application of the Navigation Guide methodology, we found sufficient evidence that fetal

developmental exposure to PFOA reduces fetal growth in animals.
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Johnson et al. 2014

Background: The Mavigation Guide methodology was developed to meet the need for a robust method of systematic and
transparent research synthesis in envirenmental health science, We conducted a case study systematic review 1o suppoyt

proof of concept of the method.

Objective: We applied the Navigation Guide systematic review methodology to determine whether developmental exposure

1o perfluorooctanoic acid {PFOAY affects fetal growth in humans.

Methads: We applied the Hrst 2 steps of the Navigation Guide methodology to human epidemiological datar 1) specify the
study question, 20 select the evidence, and 3) rate the quality and strength of the svidence. We developed a3 protocol,
conducted a comprehensive search of the literature, and identified relevant studies using prespecified criteria. We evaluated
each study for visk of bias and conducted meta-analyses on a subset of studies. We rated guality and strength of the entire

hody of human evidence.

Results: We identified 18 human studies that met our inclusion criteris, and 2 of these were combined through meta-
analysis. Through meta-analysis, we estimated that 3 1-ng/mL increase in serum or plasma PFOA was associated with a

-18.2 2 {95% (}; —292.8, 7.9} difference in birth weight, We concluded that the risk of bias across studies was low, and we

assigned a “moderate” guality rating to the gverall body of human evidence,

Conclusion: On the basis of this first application of the Navigation Guide systematic review methodology, we concluded that

there is “sufficient” human evidence that developmental exposure to PFOA reduces fetal growth,
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Johnson et al. 2014

Author and year

Apalbarg et al. 2007

Hamm ot 5], 2010

Washing et al. 2008

Frosame ot o, 2018

Kim § 2t 5], 2011

Virhitworth st 5. 2012

Basonet st al, 2012

Chen st al 2012

Dhveralt affecy

Birthweight (g) per ng/mL PFOA

~BE G182, -2 9%
~106 (208, -0.5) 27 5%
~12.4 {328, 5.8} 16.0%
-2 B 608, 158 8%
~213.0 4237, ~2.2: 0.3%

i 1H4. Y LH35, 3L T02%

~3B.81-60.3,25) 8.9%
~38.2 1-54.8, -12.5) 15.8%
~112 1260, 3.7 21 7%

<188 {-29.8, -7.9) 100%
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Lam et al. 2014

Background: The Navigation Gulde is a novel systematic review method to synthesize scientific evidence and reach strength

of evidence conclusions for environmental health decision making.

Objective: Dur alm was to integrate scientific findings from human and norhuman studies to determing the overall strength

of evidence for the guestipn “Does developmental exposure to perflucrocctanoic acid (PRFOAY affect fetal growth in humans?™
Methods: We developed and applied prespecified criteria to systematically and transparently @) rate the quality of the
sclentific evidence as “high,” "moderate,” or “low”; &) rate the strength of the human and nonhuman evidence separately as

M RE

“syufficient,” “limited,” “moderate,” or "evidence of lack of toxicity™; and o) integrate the strength of the human and

nonhuman evidence ratings into a strength of the evidence conclusion.

Results: We identified 18 epidemiology studies and 21 animal toxicology studies relevant to our study question. We rated
both the human and nonhuman mammalian evidence as "moderate™ quality and “sufficient” strength. Integration of these
evidence ratings produced a final strength of evidence rating in which review authors concluded that PFOA is “known fo be
toxic™ to human reproduction and development based on sufficient evidence of decreased fetal growth in both human and

smhuman mammalian species.

Conclusion: We concluded that developmental exposure to PFOA adversely affects human health based on sufficient
evidence of decreased fetal growth in both human and nonhuman mammalian species. The results of this case study
demonstrate the application of & systematic and transparent methodelogy, via the Navigation Guide, for reaching strength of

evidence conclusions in environmmental health,
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Lam et al. 2014
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Vesterinen et al. 2015

e  Our rationale for “"inadequate” human studies was based
on the “low™ quality of evidence, the indeterminate
direction of effect and a lack of confidence in the effect
between fetal growth and GER, either directly or via
change in PVE. Although we were confident in the effect
between fetal growth and PVE., based on data from the
two largest studies [13,14], we had low confidence in the
evidence on the association between fetal growth and

GEFR, or PVE and GFR. Thus, a new, well-designed and

adequately powered study would be bikely to change our

certainty in the strength of the effect between fetal
wth and GFR, or between PVE and GFR.
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Adjusted coefficients with standard errors (SE) from multiple linear regression analysis of the association between infant birth weight
and maternal glomerular filtration rate (GFR) in second-trimester estimated by Cockroft-Gault (CG), modification of diet in renal
disease (MDRD) and Chronic Kidney Disease Epidemioclogy Collaboration (CKD-EPT) formulas, based on data from 470 women with
preeclampsia, 483 women without preeclampsia and the total cohort of 933 pregnant women from the Norwegian Mother and Child
Cohort, Norway 2003-2007.

Women with preeclampsia Women without preeclampsia  The total cohort
Adjusted f* Adjusted p¢ Adjusted p°

(SE) (SE) (SE)

GFR by CG formula 11-(0.49) 0.24 (0.52) 0.73- (0.36)

o1

GFR by MDRD formula 13- (0.58) 0.23 (0.58) 0.83- (0.41)

[

{0

A

GFR by CKD-EPI formula 3.0-(1.3) 13(1D) 0.04 (0.82)

*significance at the 0.05 level.

*adjusted for maternal weight (kg) and gestational age 1 days. The unit for f with SE mn gram.
badjusted for maternal weight (kg), preeclampsia and gestational age in days. The unit for B with SE in gram.
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Abstract

Background: Frenatal exposwre to perflucroalicel substanres {PFARY has been associmed with

lower banth weisht in epidenvioiogic stdies. This sssociation comild be afinimtable to glomernilar

flration rafe (GFEY wheh = selated fo PEAS concentrotion and bath weight.

Djectives: To we a phyysiclogically based phannacokioetic (PEBPKY model of pregoancy o
assess how mch of the PFAS-barh weighd assoniation dhserved 1 spedenuolomic stulves nught
be attributable to GFR.

Methads: Y¥We nwdified a PBPE mcddel o reflect the sssoointion of GFR with birth weight
jestimated from three studies of GFE amgd birth weeight) snd weed i fo siowmbsie PEAS
concentrations inanaternal awl cord plasma. The model was man 250,000 fumes, with variation in
parameters, to soymiate 3 population. Swulsted data were analyzed to evaluate the association
between FEAS levels and bicth weight doe 1o GEFR. We compared simvdsted estimates 1o those
Fom 3 meto-analveis of epidermiclogic data.

Resulis: The reduction i binh wweight for each 1 ngfol iscrease in strmlated cord plasma for

perfivorpoctane snifonate (PFOSY was 271 Yo €010 -3.40, 204 sl for perflucroociancis

%5 CT -8 46,

acid {POOAY was 713 g {8 -5 By resnBis based oo maternst plasms st termm were
sizmilar. Besndts were sensitive 0 variations in PTAS level distoibwtions and the strength of the
GER-borth wesght assoctativn. In cosnparisors, oy mets-ansdysis of epidensologic  shodies
sugeested that each 1 nginl incresse in prenatsl PPOE and PFOA levels was associated with
SO0 g A% O 2188 -7 and 14 T2 g ¥

=

O -8.92, -1.08% reduciions i badh weight

Conclunsien: Fesalts of cur simmistions suggest thet a substantal propogion of the associztion

between prevaial PEAS arsd binth weight may be atritadable 1o confeunding by GFF. and thay
ronfounding by GIP. may be more snpogiant in shdies with ssmple collection lofer in
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Is Clearance a Common Explanation Across Many of these Epidemiological Associations?
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